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COUPLING BEFWEEN & REGEANGULAR WAVEGUIDE
AND A CIRCULAR WAVEGUIDE OR &
CYLINDRICAL f::w:zw mm@mmm THROUGH AN APERTUREx
- co&mwwx“m GHIFA w

{f?ollawiwg ig & tr&ﬁaaatien of an sriiele .
by Iin Wet-kan (2651 3634 1026}, Chleng-

~ tu Institute of Hadlo Enginsering, in
Fu-1L Faﬁahuﬂa@g Volume %99 Xunoer 7,
ddl‘y’ 1 L—Sﬁ?’ 'ppc 3%@N3V6Q” ’ : .

Abztrack

; fhree Glstinet sysbems of co&mllng %hrough an apers
rurs are tresked in this paper by moans of approzimations.,
Ther ars, namely: eo.axisl covpling bebtween a rectangular
and a elveunliar weve guides eoupling bYetween a TEy , mode
in a rectanguler wave guiﬁa and 2 THysn mode in 2 ég
;3avity9 and, finally, ccepling betwesn a TEy,0 mode in a
postangiler wavs ghide and & T, wods in a elreular wave
goide, Throogh ceviain spproashes o tliese problems, it 1s
hoped that the reader will understand the necessity of .
‘txaa+ing complicatad; fundemental plerowave problems from
the standpoint of physlieal esonvepts, It 1s. belioved that
the formiles sugpested heroin are brand new, and will have
eertain applicetions which have not besn adeguately exAN
ined ﬁraviauaiy. Also, the techniques introducsd hers scan
e sppiled £o other constantly arising problems whiﬂh mist
be dealt w&th in mierowave sv«temma

Y.  Pereward ' o o '

Within certsin microwave systems, we ghould use wave

# Hocelived & Febraary 1259, - . o
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pntdss or covity rasopabors of varying geometvles. In oPe
ger Go asisulate the exbernel charscteristies of those syse
tems, we bavs to sonsider the eoffeats of discontlwmulty as
Yhey bear upon the problem of simulianacus employment of
weyn pulds gouplings of werying geometles, 4 ¢aleulatio
of thiles Bype 1s not & gimple metter, In fack, 1t L& &lmost
tnpessible to achieve apny soouracy when the changs of zsone
sbeyr 48 supresiable, Therefors, in the study of mierowave
systong, many dirferent methods of approxlmation wist be
ugsd in the salenlation of eouplings of differsnt sliements,
all in the hove of obbalning s high degree of accuracy as
wall as slapliielty., o

_ e purpose of this paper ls b0 employ the ealenls.
tlons for thres &iflerent types of soupling sysbem In an
sffert Lo dntroduss sowe mebhods of approzimebion which
might be neefal 1n provlem solving. The reader will readi-
iy was the necessity for & high degres of skill in solving
thess oroblems. “Bessguss of this Pastor, the methods used
Sy thln paper ave not belleved to be the besst, Uonsequent
ivs 8 mors probing investimation will reveal even betber
teuhniqusa, v v o - o : : , :

. Bran though the acourasy of the resulis prasented
In this peper have not besn prastically {(l.e., experimen.
tally) verified, the author has emploved tne Llryt and the
gecond ooupling systems in cchtual practice and the vresulbs
hevye been gabtisfastory, ‘ : '

L. Bpdeon founiing Betwesn Rectinsular and Cylindriesi
Wave Guiden ' ‘

Pig, 3 4%ilusbrates & coupling system sonsisting of &
- rectangulae wave gulds and s oylindrical wave guide, The
reotangular wave gulde 1a ah 2<0, the eviindrisal wavs
gulde iz at ss0. At z=0, the two whvs guidss ars soupled
topsether through o smell cirenlar hole, The rsehbangular
weve guide has sides Xeas /2, y=ab/0; the cylindrical wave
puids hag radiuves R, Belore solving this peroblenm we will
novmelize the normal waves propagating in the wuave guldsa,
in the following menmer: ®aking z s the direobion of
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propacetion, normalize the transverse components BEyn and
Hypn on the xv plane; Lirast nermeliize Hin

f VH et (1)

then, sscording to wavs galde theory, Exn is also normel.
X *
lzed: e mg w

'} 2 bm%‘d? e éﬁ.«}m ) ( 24 3

where subscript t represents the valus of the tranaverse
component, n is the order of the normal waves; ©Seles Ebn
1g the tranasverss component of the nth normal wave, Zop is
the wave impedance of the nth normal wave

P
5 / #
(,a,y' aan jl .
o

whero tand ©are the permeablilivy und dlelectric constants,

respectively, of the dislectric in the wavs guide; >~ i the
operating wavelength, andAgn 13 the wavelength of the wave
guide to the nth normal wavé; and, s 1s the crosg-gsatlon

of the wave gulde.

Assuming that the rectangular wave puide and the
eviindrical wave guide ean only propagate the lowest TE
mode, then the transverse magnetlic ield comporents which
gatlsfy the normalization condlitions of equations {1} and
(2) are (for & cylindrical wave pulde):

A{I e -w--—r'}'“-«::t-;ﬂ:c J : {, i Vx%i;”") s J .A('b; ‘g
E i3, :{?‘ﬁg‘f”«:/«‘zﬁi‘ 1 5 k P X ¢' [} [ * g
C(3)
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How, 1ot us assume that an incoming wave of unit
amplitude, and & reflected wave of srmpiitude © are present
in the rectangular wave guide; Iin the ¢ylindrical wave
muide there is only one outgoing wave of amplliunde T. 1In
the coupling aperturs, the electric and mognetic flelidn,

Fe and Hg, respectively, ere yobt to be determined,
e slready know that if two electric and magneble
filelds Ky, Wy, and o, He, of the same frequeney satisfy

s
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(transvorse components) of Ho and Hys Sinee whet we ave
trsating is of the TEy,j mode, thers i3 no longitudinal
component and, hence, noc woment of slectric dipole effect,
We taks the sum of the EM fisld on both sides of the apor.
turs as the EM field, B, and H,, over the aperture., Fige 1
ahows the EM fields on both aldes of the aperture, 0 that,
on plene z=o, we arrive at :

- | BB (RS,  (10)
substituting in Bq. (9) |

G |
gty i glmy) (12)

| let us take two trensmiseion limes of characteristic
admittance Yy and Yy, snd use reactlve conduetivity B of
the shmnt to couple them together; then; the coeffieclient
of refiestion T, and the eoofficient of transmission T are,
respectively! w,,www?rhwu;%wv_
e _ iw Wj%f‘“ + § ”"ﬁ?ﬁ""“) y
. Y o E 4 g
. O sgee 3
B A Ll

R e /Ny S i
. . . . 8 &
o G B b e (12}
L SO "1:?” gzrn

Wnen B/Ys bzs a bigh value, Bq. (12) can be expressed
az foliows: o - E,j B
, AT Bl s
' ,N‘: yjﬁ i . ( 13)

. Comparing Eg. {15) with Eg, (11}, if the yalue of
{1BZs [Hat+Hpe) 48 not high, then the normalized reactive
gonduetivity b can bs stated as ‘ '

it L
. _1:” (14} .
o TR cich i Jiiasi = e 0 } .

Thase two equabtions, when spplied to the aperturs
coupling betwaen two completely simlliar wavs gnide systems, -
give a degres of sascuracy. Il there 18 a conductive dige
phrem with a centered aperturs, in the cylindrical gulde;
then, substituting the value of Bg, (3); and kmewing thet

RIS | |
S ey, we have

oy

' OREGHON, e 478
B Mooy F

(18)




ﬂzg {l@% pan he srbitrerily applied to any eaupling
problen in & wave gulde with {bwo
ATE88, OF srosgwsectlion ghapss, provided we take the oor-

rest velues of the normalized Hoy

different ecrogs-ssction

and Hpe on both sides of

the soupling apsrbuvs, In eagez whsre the aperburs is not
elronlar, Bie (143 #8111 mey be appiied 1Ff we chooss the
propor By For isnetance, whan two wave guidea of different
arogs~sections ars couplsd together through an‘apavtuﬂe,

thiz sauationPglives s the
yalue of the Peretive coni
duotivity dus to the facbor
of diseoniimuity. A to the
problsm of sentared aparture
soupling bebwsen » angukar
g“i“a a.nd mv’in&xieaﬁ BLYE
guide, we havs, from By, (14

L QBTN (b %/ (16)

In Filg. 25 8 numerl.
eal szarpls with plot is
shiowne .o bthie example, wa
have had to inelude & cOfe
verslon fachor (duze to the

inlte thicknsss of the apere
turg. The corwersion Tastor
1z introeduced by considering
the menbrens &5 & ghord
tranamission 1Lﬁ@3 Sanarst
irg the twe sidss of the
dlecontinuons plane, as shown
in ¥lge 3. Howevar, thus far
wa have diaonsgzed only the
lowest EM wave in the BpETF-
Pure, 20 in Plg, & ¢ 1a the
ﬁhiﬂﬁﬂ 3z of the eondustive
negsbrane iv whiech ths aper.

ire 1s located. 28 &fﬁﬁwg
ave, respestively, the wave
impedance of the wavs gulds
hevwing the s8m8 02088880
tiom as the gperturs {20t
recﬁ;ys the valus alter
nermalization of one wave
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Figars ¢, Tuductive
Coupling Becstive Gontis
dguatbivity Latwaon Reotwm
engulay and Oylindrieal
Wave Gulideg,

galde impadance)}, and wave guia@ wavelengih, Yi lfzg@ “When
tha serles srm in Fig, 3 can

the thickness t 1s not larvge,
be disrsgarded,

In Pig, 2, the effect of the
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sidered whon calenlating

the comversion faobtor of 4 §§%“%$
t 0, 8mms | | o ok
Ple, 3 represents ——t

an equivaiont elrveult of i -

. o mraEam R 15 |
the esoupling aysabem DEw 2 A i
tweon two puides having -L? - mrﬂf
weve impedencas ZgVand | Lt g
7Y,  Hormelized reastive . | % , .
condneiivity, vepresonts T T o
tng discontimiby, oon ba Pigurs %. An Bgulvslent
ealonisied from Eq. (16, Girvoult of Thiek Aperture

%, Gounling Botwsen THy n Mode in & Rectansuler Weve Gulde
and THhos Hode in & Gylinarleal CAvLLY nagonator

As shown in Plge 4, the short side of the rectangie
lar gulds is parallel to the axia of the evilndrical eavity
rozerntor. The center of the rectanguler wave gulde 6085w
sootion 1z locatsd on the nerpendiculer which bisects the
gurface of the eylindrieal guide. The cross.section ares
of the rechbangnlar gulde ls & x b, &b, and the eyiindeical
cavity resonater hag & redius and height of one (1)e AL

—— the genter of the reghangalar
guide there iz & clroular £pels
ture of dlameter 4 to couple the
vectanzular gpiide and the cyline.
driesl cavity veacnator together,

Asgume that the propegéte
ing mods in the rectangular wave
guide is TEy o, that thers are
only Hyei, my . and He' componentse
T"hase thras components will ezolte
By, Eg, end By in the oylindriocal
whve puide, We eball congider _
this resonator as & radlsel trang.
misgion 1ins. Alao, we ghall as~
gume there is oaly & TMipgo wods
extating in thls radlal trans
mingion iine. This transmisslon
1ine is coupled through an inducw
pive admittance to & uniform line
which ean only support & TE1,0
node as shown in Flg. 4. The 00e
 ordinste system uged in the coupl.
Fig. £, Coupling Batwoen ing together of thess two wave
Radigl Transmission Line guldss 1 also shown in Flg, 4.
and Und form Tranmmiszsion Finally, we ofn cssume that the

idnes
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energy is yrﬁﬂ&m&¢ﬁﬂ frwm the rediel transmigsion line to
o soeouvnling elewmont, .

gh- tnesy dlmensions of the covpling sperture are
«F the wavslengbl, then the radins of
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let
oz

e 2% N %nz {20)
whore T,08 ig the gecend root of J{x! «. we do not ccund
Tipuh pook 2ers e teke the neXt root, 8,83, e&s the
Fah one.  When bgﬂ»m@.%mw@g mh‘vwfmwaw?x e BT OB LG
i *5%41“uﬁmﬁ Tge {203 inbo Bao. (28), we &&vs

g’x(?s@ﬁ%“’?{" b':.} I j;” X ) 7
PR S {21}

To solve Top g €, bpﬁﬂv the Tevloyr serles expaasion to
the seaond roat {(T.08) of the ﬁ@b$&7 funstion: for the (Ye
finttesimal €, omitking terma of & %imza% order than €5, we
get 3

&ﬂe\f/«\u~ e

iy, ‘”-51,

ﬁé

: 22)
Ba. (£2) glves Ths conversion for radius v, with a

Fliind vesomunb Wﬁ?@?mwgtﬁﬂ&ﬂﬁ g fizxed coupling refictive

sentnetivity dy. Converegoly, 1f we take r, as fized at

?amﬁfwxﬁh@@ then the presence of couplilig reactive conducs

glvity by will conse & wvote of changs A, of natural wave.

wry poide T,
t‘if&iﬁ;ﬁi'u

1

: b"‘mh.—w A ok + ‘ nding 42 vz e

ey P - {e3)
Vapristions in heipght 1 do nob affset the valiue of the

mabueal wavelengbl; &ﬁ& appliceble value can be deberminsed

from obher eireult faobors,

2 Wgﬁwa n.k@wﬁ&ngUA&x Wave Guide anpd Cylindrieal
5 TRPouR BF ADEYEUT S On bno Sia6 éuﬁfaﬁe ok
’Wii}ﬂ 4 ‘l}lﬁ.‘;‘ﬂx

gume bhet the uhﬁ%“ side of ths rechtangulsr guids
I wo the azls of the ovlindrieal wave guide, and

5 ondly & Wn@ ﬁ mode propageting in the restane
vo galde, The TR o mode field somponents are Hyt,
Bpt, and Bet, ﬁhaﬂ@ companents will exelte Byf By, ad H

i

in the eviivndrical ﬁ“f@kw
Ly we did proeviously, guoumes that thore s &1 $NCCH
ing wave of aLit titude and & rellseted wave of arplle
ude e Ay fu Big, 5, thore will be two oubpoing waves in
the eyviindrical »ﬁiaw mraa at{ng plong &4+ % &nd ~ g orlantaa
tiom with smplitodes T amﬁ 7 4 respsobively, Also, asgsums
thet there Lg wu%? one mods existlng in the rechangular wave
paide and It emoltes only ons mode mn the oylindrissl guide,
Th&rﬂ?ﬁwﬁ& in the oviindricel guide, the ransverss compde

o€




nort of the BY field can be
erpressed &s

. o d ’
ig’@b} ) ) -‘.& “ﬁ._

/|
whars ths poslitive subscripts .. + i e sovoscamnion . wo
ropresent a physieal guantity Eﬂ
provagabing slong the posl i

tive g divaction, and those I -
with mims slgns donots 8 phyge ) .

ie2l guantity propagebing f. Flgnre 5, Coordinate
long the regative z dirsction. System Used in Counling
Subseript o Iindieobes ths phiyie System Between Rectangli.
1eal guentity of the normal ' lar and Cylindriasnl Weve
wave propageting in the ovlin. Faiden,

drienl guide, snd subseript % : :
deviotes the transverse componsnt of the BY £1s14, v ig the
propagation comabant, = ..
We use the following férmuls onco again
o> (B0 ¢ By~ g 3 B, Y8 0

(5}

whare n' is an outward normal to the gurfase 8. We then
have tho well<knowm problem of sleot antemwe. We shall use
Brae {(5) twics to arrive &t the TTand T in Eq. (241,

First, assume that By and Hq are ths excited EM
wawos (Egs 24} 4in the eyliniriesl gulds thet pass through
the aperture; am Hs, Ho, we take a normal wave propageabing
frow left to »ight; as &, take the two planss, zsdkmy, and
the lmmer murfacs of ths pulds conbeining ths spartu¥e, with
the aperture cenbered at o0, How we indegratc Bg. {5?:_
on plane o= 2y, hobth BY waves, By, Hy, and Eg, Ho, are prope
agating in the sams directiony from orthogonie theorems (3)
and {8}, srd normalization sonditions (1) and {2}, we lnow
That the intogral hes & rero valus! on plans p=e-gy, whers
Els By, and By, Ho, are propagabing in opposite divections,
the 1htegrel faksf & valus of E%mE™ 3 om ths inner suv.
faes of the guids, the Integral value of the seoond term of
Boe {8} 1s zmero, sinee By x HyenwmBjelnt x Bpls and nt x Eg
in alwavs zoveo, when Eo g the slectric field of & nsrmal
wave. Howerer, the vaine of the Tirst 4eprwm 18 nobt caneslled

oult, #o bthat e ,
otk [ By Ry
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asgume By and Hy are still the EM waves

rleal wave pguide whed ¢ through
g time, thowgh, lake
aink t@ me gy M, Hy
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& UNG wave ﬁmluﬁ mavs?mzwtk of an Hl o
in the reptenpuler guide, anﬁﬁmg iz the

s shengih of an Fy, 11 {ow LY. mede in bhe

eWJ ﬂpr? %1 wmws gmide, Theps el W%% the olue of b is
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In the sovond poragraph, wve found a forrula for

3oup L g bebwesn the lowest THy . {dominant melis) mode in
paleded niar wave gailde and thE lowsab TEe { Sominend

¢

2 W mg-
mode) mOGE In e eylindrical weve gulds, Ve a
£ mehh

. for hﬁwvﬁviinﬂ the thickaszs of the
‘ : ,: bRWﬂ raphi, woe applled the copncept of radlal 4ranse
iﬂg&ﬂn Iines to the @ﬂupljﬁﬁ gyaten bebtween £ &Ew? ma4

ozcliiiatlivon operating ou the outold wevelength snd & rectan.
galar weve guide, whioh ensbles us to vee the resulbts of the
saﬁfﬂﬁ paragraphs In the Lourbh poragraph, we applisd the

s Lated xﬁ"iﬁ&ww cf slot antermse o “%@ SoUPLing 8V e

Lo 29*%&% n restengler weve guide and o T n,m Bode

eseliilation of s M,"%uérieﬁﬁ wave guids thereid cbtaining
vesful resiliis.  In the third and Courth peragraphs, of
conrde,; wi oouvld apnly all of the methods introduced in the

Flrat warsgraps whieh woere econcernsd with nece HRATYT CONVEr
slion of menbrais vhickness,

s Snbreditoaad
w%zxﬂmma, In

o~
i

({»‘

».




Tery
Tapn, ) . wiltd = 1 17
. , U SO i A
5 ghihar sl sPowa s L, ? ‘{
nlwuwx we B0 B2 feveite mph o g ;
arepl ahjw?&? ap Fredgn raw 1300 e A _mﬁ s
wisiion olrend FELo TS (U S B
i 1. jﬁ=w&sumuiam.» i
By st sonvend Vick o
H soonblimions ponotive Biaoure Y. &n Eguivaw
ﬁﬂ%aﬁ4vvtv in?n an Ldsnl lﬁmﬁ idaal 1 ﬂuﬂ BT
txmuwﬁur'w?w 2 That &1% for Parellel Doll.
Byt ad Ve whsve wa :
& omitte n sovien wvmg. Jhess sorles arms gve ol the
sommiel ehl order 1%, 5ﬁﬂ.“h% goupling eperiurs lg small,
Yhen the walye of b is lapge, wﬁ@naﬁfﬂu %Vﬁlw Bo we and, 10
L pow ﬂmh_miw o oomlit thom,
€y
Tiie pacer waz fivet complebed early im 1857 Lov
presenbati on helurs Bhe opur dng meeting of the ¥ationel
Elsctrenics Instidbuts. Sinec the wmeshing was poatponed
gevsrsl blmes, 16 w33 ﬂ“n siuantly never presented,
Rasontl vs Frevw v, the anthor hag had seversl ope
'¢r*xx4*‘aﬁ foe mnl‘ 18 vmwﬁlnw!m;ﬁ ghaked in this papere
nersfors, K h&?@ B CEER the oriplpel paper for ths
:U“pﬁﬁﬁ mf pubi‘wnﬁﬂﬁw we i bl hope that 1% wipht ael as
a sbiw  Auring the Y0reat Lesp Forward®.
\
|

@
.

AL

gz
stud



